Abstract The purpose of this study was to compare two different types of fixation systems used to reattach the greater trochanter after revision or total hip arthroplasty. This is a retrospective review of the results of patients that were treated with the two systems. We reviewed the clinical and radiological records of 35 hips with the Dall-Miles cable grip system (DMCGS) and 42 hips with the pin-sleeve system (PSS); follow-up averaged 24 months (range, 4-54) and 30 months (range, 11-42), respectively. The incidences of unsatisfactory clinical and radiological results in the PSS group was less than half that in the DMCGS group. Significant differences were found between the groups with respect to discomfort, tenderness, pain on motion, cable fragmentation, and bone absorption. Compared with the DMCGS, these results suggest the PSS could be the instrument of choice for re-attachment of the greater trochanter in hip arthroplasty.
Introduction
The Dall-Miles cable grip system (DMCGS) was developed by Dall and Miles in 1983 and has since been used widely for re-attachment of the greater trochanter in hip arthroplasty. This device was designed with a multifilament cable and an H-shaped grip of vitallium to improve fixation and stability. They also showed excellent results, reporting only 1.5% nonunion and 3.1% breakage in 130 hips [6] . According to the reports published later by various investigators, however, DMCGS gave unsatisfactory results with nonunion rates ranging from 8.5% to 37.5% compared to the results of the conventional reattachment [14] [15] [16] 18] . Moreover, the implants for fixing the greater trochanter used in combination with this cable is relatively large, and pain and bursitis over the greater trochanter, as well as fragmentation, breakage, and bone absorption around the cable are problematic. Therefore, a new device called the pin-sleeve system (PSS), which is a tension-band wiring system that minimises the extraskeletal exposure, was designed and developed in 1999 [11] . An advantage of PSS is that it ensures bone union by stable fixation because the pin crosses the osteotomy line. Besides easy and secure handling, the smaller size helps prevent soft tissue irritation.
The purpose of our study was to compare the clinical results of the PSS with the DMCGS used to re-attach the greater trochanter after total hip arthroplasty.
Patients and methods
In the Kitasato University Hospital, we performed 77 consecutive re-attachments of the greater trochanter in revision or total hip arthroplasty on 73 patients, all of whom were included in this study. Thirty-five hips in ten males and 23 females were fixed using the DMCGS (Howmedica, Rutherford, NJ) ( Fig. 1) between 1994 and 1998, and 42 hips in nine males and 31 females were fixed using the PSS (AI Medic, Tokyo, Japan) (Fig. 2 ) between 1998 and 2000. All the hips were approached using the traditional single plane transtrochanteric osteotomy procedure in the lateral position for wide surgical exposure with subsequent re-attachment and the same postoperative rehabilitation program. The operations in the two groups were performed by the same senior surgeon (M.I.). For these two surgical groups, the DMCGS and the PSS, the average age at operation was 61.3 years (range, 24-85) and 67 years (range, 24-86), respectively; and the average postoperative follow-up period was 24 months (range, 4-54) and 30 months (range, 11-42), respectively.
In the DMCGS group, 23 hips had been diagnosed with osteoarthritis prior to the primary operation, and six hips had femoral neck fracture, five hips, aseptic necrosis of the femoral head, and one hip, rheumatoid arthritis. In the PSS group, 30 hips had been diagnosed with osteoarthritis prior to the primary operation, along with seven hips with aseptic necrosis of the femoral head, four hips with femoral neck fracture, and one hip with rheumatoid arthritis. In the DMCGS group, primary total hip arthroplasty was performed in seven hips and revision total hip arthroplasty in 28 hips. In the PSS group, primary total hip arthroplasty was performed in seven hips, revision total hip arthroplasty in 35 hips, including refixation of nonunion at the greater trochanter in five hips that had re-attachments in the primary operations using the DMCGS.
Statistical analysis was carried out using the MannWhitney U-test for continuous variables or the chi-square test and Fisher's exact test for categorised variables. Throughout the study, a P-value of less than 0.05 was considered statistically significant.
Results

Characteristics in the DMCGS and PSS groups
The clinical results for reattachment of the greater trochanter were evaluated by the degree of discomfort, amount of tenderness and pain on motion. An anterioposterior radiograph of the pelvis was taken immediately after the operation and at every visit during follow-up. Each radiograph after re-attachment of the greater trochanter was also evaluated for nonunion at the greater trochanter, breakage of the cable, fragmentation of the cable, and bone absorption around the cable, grip, and/or sleeve. Breakage of the cable and fragmentation were defined according to Silverton et al. [18] . Breakage of the cable was defined as any separation in continuity of the cable and fragmentation, resulting in loose pieces of metallic debris being released into the surrounding area and/or tissue. No significant differences were observed in the patients' ages between the two groups (Mann-Whitney U-test, p≥0.05; Table 1 ). The follow-up time was also compared between the groups (Mann-Whitney U-test, p≥0.05). No significant differences were observed when gender, pre-operative diagnoses, and operations were compared between the groups (Fisher's exact test, chi-square test, and chi-square test with Yates' correction, p≥0.05; Table 1 ).
Clinical evaluation
The incidences of discomfort, tenderness, and pain on motion on the greater trochanter part in the PSS group were less than half that in the DMCGS group. The number of all the items in the clinical evaluation was significantly higher in the DMCGS than in the PSS groups (Fisher's exact test, p<0.05; Table 2 ).
Radiological evaluation
The incidence of nonunion in the PSS group decreased to approximately half that in the DMCGS group (Fisher's exact test, p=0.166; Table 2 ). All cases of nonunion in both groups were in revision total hip arthroplasties. The appearance rate decreased to approximately one-quarter, with cable breakage (Fisher's exact test, p=0.128), cable fragmentation (Fisher's exact test, p=0.042), and bone absorption around cable, grip, and/or sleeve in the PSS group (Fisher's exact test, p<0.001; Table 2 ). All the cases of cable breakage seen in four hips in the DMCGS group and one hip in the PSS group showed nonunion. Fragmentation always appeared around the grip or sleeve. In two (5.7%) of the seven hips with fragmentation, the fragments had migrated close to the cup (Fig. 2 ). There were no hips with progressive osteolysis or clinical deterioration. The decrease was statistically significant for the appearance of fragmentation and bone absorption (Fisher's exact test, p< 0.05; Table 2 ). In patients over 65 years old, bone absorption around the cable, grip and/or sleeve was seen in as many as 12 of 17 hips (70.6%) in the DMCGS group compared to only in four of 27 hips (14.8%) in the PSS group. 
Discussion
The number of positive clinical evaluation items was high in the DMCGS group, while it decreased significantly in the PSS group. These results indicated that this might be attributable to the size and shape of the grip on the greater trochanter after hip arthroplasty. The DMCGS has a large extraskeletal exposure of the grip and a long end where the cable was cut (Fig. 3) . Irritation from these causes a high percentage of inflammation of the surrounding soft tissue, and pain and bursitis on the greater trochanter. In this study, the lower incidence of tenderness in the greater trochanter in the PSS group might be due to the reduced size of the device for crimping the cable passing through the holes in the sleeve. Thus, these features should help to improve operative results, and reduce postoperative pain and bursitis over the greater trochanter. Radiologically, the most important findings in our study were that nonunion, cable breakage, cable fragmentation, and bone absorption around the cable at the greater trochanter occurred frequently in the DMCGS group, phenomena also noted in many other previous studies [2, 4-7, 9, 12, 14-18] . Ritter et al. reported that the cable broke in 32.5% and that nonunion occurred in 37.5% using the stainless steel Dall-Miles cable [16] . They also suggested that the higher incidence of cable breakage could be due to the contact between two different metals, as occurs when the cable and the stem come in contact with each other, possibly leading to corrosion of the metals after emplacement in the femur [16] . Silverton et al. reported that nonunion occurred in 25%, with fraying and fragmentation of the cable seen in 88% of the nonunion group using DMCGS [18] . They also reported that bone absorption around the cable in the area of the lesser trochanter was seen in 10% of the patients. In 12%, large deposits of metallic debris at the inferior border of the acetabulum were seen. McCarthy et al. reported nonunion in 8.5% and that cable breakage occurred in 10.3% [15] . Koyama et al. discovered nonunion in 30.6% and cable breakage in 6.5% of the cases followed for at least one year [14] .
In our series, although the incidence of nonunion of the greater trochanter in the PSS cases did not differ significantly from those treated with the DMCGS, nonunion decreased to approximately half. In addition, those patients in whom the DMCGS treatment was converted to the PSS due to unacceptable union were included in our study. The effect of the pin passing through the osteotomy site seemed to be one of the reasons why the nonunion rate in the PSS group was lower than that in the DMCGS group. Nonunion of the greater trochanter after trochanteric osteotomy can lead to persistent abductor weakness pain and dislocation of the prosthesis [1, 2, 10, 13, 19, 20] . Bal et al. reported that cancellous bone in the trochanteric bed was frequently compromised as a result of osteolysis or from bone loss occurring during implant removal, and pressurised cement could extrude into the cancellous bony trabeculae, further compromising the available bone [3] . Therefore, even if the PSS is used, attention should be paid to the condition of the trochanteric bed and the tension of the abductor muscles after osteotomy of the greater trochanter in revision hip arthroplasty. On the other hand, the number of cable breaks in the PSS group was lower than that in the DMCGS group. This may be attributable to the fact that titanium was used as the material in the PSS, involving less risk of corrosion and that the use of smaller pins caused less irritation to the surrounding tissues.
Cable fragmentation was found in 20% of the DMCGS group and in only 4.8% of the PSS group in our series. The cable fragmentation in our cases was always around the grip, due to the fraying at the cut ends of the cables. Moreover, in 5.7% with fragmentations in the DMCGS group, the fragments had migrated close to the cup. Silverton et al. reported that although fraying of the cut cable ends is not a major complication, the consequence of loose metallic debris floating near the joint could give rise to increased polyethylene wear and potentially decrease the longevity of the arthroplasty [18] . Glover et al. reported that fractured trochanteric wire migration caused sciatica in two cases [8] . We therefore considered it necessary to cut the cable ends as short as possible so as not to leave the ends protruding from the sleeve. This was possible because of the special cutters in the PSS, designed to allow the cables to be cut off as close to the sleeve and as short as possible. On the other hand, in our series, bone absorption around the cable, grip, and sleeve was revealed in 54.3% in the DMCGS group, while it significantly decreased to 11.9% in the PSS group. There was no progressive osteolysis in two hips in our series with their migrating cable debris. Therefore, we believe that migrating cable debris should be followed carefully, and broken cable fragments after radiographic evidence of bone union should be removed as soon as possible.
The limitations of our study include its retrospective nature; consequently, the patient evaluations were subjective. A future prospective randomised study should also corroborate these findings. As it was also an observational series, there was no control group.
In conclusion, compared with the DMCGS, these clinical and radiological results suggest the PSS could be the instrument of choice for re-attachment of the greater trochanter in hip arthroplasty.
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